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Abstract
This paper analyzes the role of production distortion for income redistribution in an
international trade model. In particular, this paper examines the role of the Stolper and
Samuelson effect (Stolper and Samuelson 1941) on efficient income redistribution. It first
shows that production inefficiency can be a part of a Pareto-efficient tax system when there
is an asymmetric information problem between the government and individuals. Second,
by using the technique that Diamond and Mirrlees (1971) originally developed, this paper
shows that such production inefficiency is not only Pareto-improving for a small country but
also essential to achieve world-wide Pareto-efficient allocation. Those two results suggest
important policy implications for commercial policies.
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1 Introduction
Production distortion in the forms of production subsidies/taxes, tariffs, export subsides can
have a strong effect on income distribution in an open economy (Stolper and Samuelson 1949),
and this theoretical prediction is one reason that economists have been interested in explaining
the observed commercial policies from the point of economic theory. On the other hand, the
literature of optimal taxation theory has consistently denied the use of those instruments for
efficient income redistribution. In a seminal paper, Diamond and Mirrlees (1971) showed that,
if the government has enough instruments, efficient production is optimal for income redistri-
bution due to the following intuitive reason. Suppose that production is initially inefficient
because the marginal rate of transformation (MRT) of the two industries is different due to
some public policies. By the definition of inefficient production, this implies that, holding factor
supply constant, it is possible to increase the production of at least one good without decreas-
ing the production of other goods by eliminating those public policies and making MRTs of
those industries equal. If the government has enough policy instruments, it can distribute the
increased production of the goods to consumers, which results in Pareto-improvement. Thus,
efficient production must be optimal. In a small open economy, an international price line
is another transformation curve. Therefore, the Diamond and Mirrlees’s result implies that
the government should not use tariffs, production taxes or production subsidies, and further
that the government should not take advantage of the Stolper-Samuelson effect of tariffs and
production subsidies for income redistribution.1
However, in reality, production distortions exist. Production distortions in the form of trade
barriers and non-trade barriers are persistent in both developed and developing countries even
after a long negotiation to eliminate them. Why do countries use such seemingly inefficient
policies contrary to the forecast of economic theory?
Political consideration might explain this inconsistency.2 On the other hand, since most
political economy models assume an incumbent politician puts some positive weight on a social
welfare function, it is useful to know whether a traditional approach alone can explain the use
of inefficient production.
1For a formal proof of this proposition, see Dixit (1985).
2For comprehensive discussion on these lines of approach, see Rodrick (1995).
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The present paper shows that if an asymmetric information problem between the govern-
ment and individuals is introduced in a reasonable way, inefficient production is a part of
Pareto-efficient policies. To illustrate, consider a situation where the government is engaged in
redistributing income, through all possible policy instruments, from skilled (high-wage) work-
ers to unskilled (low-wage) workers under efficient production. Suppose that the government
subsidies an unskilled-labor-intensive sector by introducing a production subsidy. This implies
that the wage of the unskilled (skilled) will increase (decrease). If the income tax system does
not change, such a subsidy does not Pareto-improve welfare. However, since the wage differ-
ential between the skilled and the unskilled becomes smaller, the government can redesign the
income tax system so that the unskilled are willing to work more while giving the same utility
as before. As a result, the tax burden of the skilled can be reduced. Furthermore, starting
from efficient production, the distortionary effect of the subsidy on production is of second-
order magnitude while the effect to reduce the incentive problem of the income tax system is
of first-order importance. Thus, introducing production distortion can Pareto-improve welfare.
However, this is not the end of our story. Now consider what will happen in the world
economy. One reason that efficient production has been recommended in the previous literature
is that if the MRT of each country is equated to the international price ratio, world-wide
production also becomes efficient. Thus, if each country distorts its production away from the
international price ratio in a decentralized way, it is very likely that the MRTs will be different
among those countries because different countries have different social welfare functions, initial
endowments and technologies and because they provide different rates of subsidies. Thus,
one might think that although it is desirable for a small open country to distort its domestic
production it is not desirable from the world-wide point of view and that it is possible to
Pareto-improve the decentralized equilibrium by coordinating tax policies of all countries and
equating MRTs of all production.
Even if the world-wide production happens to be efficient, there might be another externality
among countries. Suppose that each government is redistributing income from the unskilled to
the skilled by a non-linear income tax system in a small open economy. The above discussion
shows that it is Pareto-improving for each country to subsidize an unskilled-labor-intensive
sector for a given international price. On the other hand, if every government subsidizes the
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unskilled-labor-intensive sector, then the world-wide production of the unskilled-labor-intensive
good will increase and, as a result, the price of the unskilled-labor-intensive good will decrease.
This implies that the wage of unskilled labor will decrease. Since each country does not take
the effect of its tax policy on the international price into consideration in a small open economy,
one might wish to ask whether it might be possible to Pareto-improve welfare by coordinating
tax policies of all governments.
This paper will show, however, that if each government can distort its production without
restriction given the international prices, the decentralized equilibrium is a tax-constrained
Pareto-efficient allocation from a world-wide point of view.3 In other words, from the de-
centralized equilibrium, no country cannot Pareto-improve the welfare of citizens of its own
country by coordinating tax policies with other countries. This implies that there is no gain
from international policy coordination and that inefficient production of each country is not
only Pareto-improving for a small open country, but also essential to achieve world-wide tax-
constrained Pareto-efficient allocation.
Those two results have important policy implications not only for a small country but also
for international organizations such as WTO; I will discuss them in more in section 5.
2 The Model
2.1 Basic assumptions
Given our interest in the relationship between efficient income redistribution and production
distortion in a small open economy, it is necessary to modify some of the standard assumptions
in international trade theory. First, because we are concerned with the incentive problems of
income redistribution, we assume that factor supply is endogenous; exogenous factor supply
eliminates incentive problems. Second, because we want to consider the case where perfect
income transfer is not possible, we need to assume that the government cannot identify indi-
vidual types;4 if the government can identify whether each individual is a skilled or unskilled
worker, then perfect income transfer is possible by means of differential lump-sum taxes and
transfers.
3The definition of a tax-constrained Pareto-efficient allocation is a tax system and an allocation that cannot
be Pareto-improved by changing that tax policy.
4Those two assumptions are standard in the literature of optimal non-linear income taxation.
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The basic model is an extension of Stiglitz (1982). There are two countries, A and B, two
agent types, two goods and two factors in the world economy. p∗h is the international price of
good h (h = 1, 2). For the analysis of the decentralized equilibrium, we assume that p∗h is fixed.
Following Gordon and Levinsohn (1990), we assume, without loss of generality, that there is no
commodity tax and production subsidy on good 1. Further, we assume that the government
imposes only a (non-linear) commodity tax, and a production subsidy on good 2 because if the
government can impose a commodity tax, a production subsidy, and a tariff, one of them is
redundant.
2.2 Consumers and income taxes
In country k (k = A,B), there are two types of workers: skilled workers, denoted by superscript
s and unskilled workers, denoted by superscript u. The population of each type in country k
is N sk and Nuk, respectively. Let (cik1 , c
ik
2 , l
ik) be consumption of good 1, good 2, and the
labor supply of worker i (i = s, u) . Let uik(cik1 , c
ik
2 , l
ik) be a utility function of type i worker
in country k. We assume that the utility functions of both types are the same within each
country but can be different between two countries and that they are strictly quasi-concave
with respect to (cik1 , c
ik
2 , l
ik). We assume that both goods and leisure are normal.5
The objective of the government of each country is to design a tax system to achieve a
tax-constrained Pareto-efficient allocation. A tax-constrained Pareto-efficient allocation is a
tax system and an allocation that cannot be Pareto-improved by changing that tax system.
We assume that the government observes only total income and cannot observe workers’ types.
Because there are only two types of workers in this economy, at most only two points on the tax
schedule will be selected by workers. Therefore, we do not lose any generality by focusing on
only those two points. Invoking “the Revelation Principle,” we can focus on those two points
which satisfy the incentive compatible constraints.
Let wik and Rik be the pre-tax wage rate for type i labor and the wage income of type i
worker in country k. Let ICSk and ICUk be the incentive compatible constrains for the skilled
5Normality of goods and leisure is a sufficient condition for a so-called “single crossing property”. A “single
crossing property” plays an important role in determining the equilibrium.
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and the unskilled in country k:6
uik(cik1 , c
ik
2 , l
ik) ≥ uik(cjk1 , cjk2 ,
wjkljk
wik
), (i, j = s, u; i 6= j; k = A,B) (ICSk, ICUk)
The above constraints means that in each country the type i worker has an incentive to work
lik ≡ Rik
wik
, report income Rik truthfully and consume (cik1 , c
ik
2 ) instead of mimicking the type j
worker, working R
jk
wik
≡ wjkljk
wik
, reporting income Rjk and consuming (cjk1 , c
jk
2 ). Those incentive
compatibility constraints imply that the government can impose not only a non-linear income
tax but also non-linear commodity taxes. As we discuss later, it turns out that when the utility
functions is weakly separable between consumption goods and labor supply, neither the non-
linear commodity tax nor the linear commodity tax is necessary. On the other hand, when the
utility functions is not weakly separable, the non-linear commodity tax is optimal. Let tik and
qik2 be a non-linear commodity tax and a corresponding consumer price of good 2 associated
with a non-linear income tax for type i = s, u worker in country k. Let pkh, y
k
h and σ
k be a
producer price of good h, an output of good h and a production subsidy rate on good 2 in
country k, respectively. By its definition, pk1 = p
∗
1, p
k
2 = p
∗
2(1+σ
k), qk1 = p
∗
1 and q
ik
2 = p
∗
2(1+t
ik).
The government budget constraint is∑
i=s,u
N ik(wiklik − p∗1cik1 − qik2 cik2 )− σkp∗2yk2 +
∑
i=s,u
tikp∗2c
ik
2 ≥ 0 (k = A,B). (BCk)
2.3 Production and Equilibrium
For production, we assume the standard Heckscher-Ohlin model. There are two industries,
ykh = F
k
h (L
sk
h , L
uk
h ), (h = 1, 2), in country k. Each industry exhibits constant returns to scale,
and the production function is concave. Industry h uses both skilled labor, Lskh , and unskilled
labor, Lukh , and produces y
k
h units of output. Let L
ik be the total labor endowment of type i
labor in country k. The labor market equilibrium condition for type i labor in country k is
Lik ≡ N iklik = Lik1 + Lik2 .
Given the producer prices and the factor prices, each industry maximizes its profit. We
assume that industry 2 is always unskilled-labor intensive. Technologies can be different in two
countries. We assume that at the equilibrium the production is diversified and two goods are
always produced.
6We allow for the possibility that workers pay a negative tax, i.e., the government pays a subsidy to workers.
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Let Ckh(w
k
s , w
k
u) be the cost function for production of one unit of good h in country k,
(h = 1, 2). If production is diversified, wages are determined by the following two equations:
Ck1 (w
sk, wuk) = pk1 ≡ p∗1 , Ck2 (wsk, wuk) = pk2 ≡ (1 + σk)p∗2 (1)
From the Stolper-Samuelson effect (Stolper and Samuelson, 1941), we have ∂(wuk/wsk)/∂pk2 >
0.
Next, we need to specify the relationship between the producer prices and the outputs. The
factor market equilibrium conditions imply
yk1
∂Ck1
∂wsk
+ yk2
∂Ck2
∂wsk
= Lsk and yk1
∂Ck1
∂wuk
+ yk2
∂Ck2
∂wuk
= Luk. (2)
Although (2) can determine the output of good 1 and good 2, sometimes it is more useful to work
on the production possibility frontier. Given the labor supply of skilled and unskilled work-
ers and equilibrium conditions in the labor market, the production possibility set is uniquely
determined and is strictly convex due to different factor intensity. Thus, we can write yk2 as
a function of Lsk, Luk and pk2: y
k
2 = y
k
2 (p
k
2, L
sk, Luk). From the Rybcyzynski theorem, if the
supply of unskilled (skilled) labor increases , then the output which intensively uses unskilled
labor increases (decreases) given fixed producer prices. Thus,
∂yk2 (p
k
2, L
sk, Luk)
∂(Luk)
> 0 ,
∂yk2 (p
k
2, L
sk, Luk)
∂(Lsk)
< 0.
From the shape of the production possibility frontier,∂y
k
2 (p
k
2 ,l
s,lu)
∂pk2
> 0.
Finally, we need to specify equilibrium conditions. The goods market equilibrium implies
N skcsk1 +N
ukcuk1 = y
k
1 +m
k
1, N
skcsk2 +N
ukcuk2 = y
k
2 +m
k
2 . (EQGk)
where mkh is the amount of imports or exports of good h (h=1,2) in country k. Balanced
trade implies that p∗1mk1 + p∗2mk2 = 0 for each country . From (EQGk) and the balanced trade
condition, we can obtain
p∗1y
k
1 + p
∗
2y
k
2 −N sk(p∗1csk1 + p∗2csk2 )−Nuk(p∗1cuk1 + p∗2cuk2 ) ≥ 0 (EQGk’)
From Walras’ law, it is straightforward to show EQGk’ and BCk are equivalent7. Thus, we
focus on EQGk’.
7From the government budget condition, we have∑
i=s,u
N ik(wiklik − p∗1cik1 − qik2 cik2 )− σkp∗2yk2 +
∑
i=s,u
tikp∗2c
ik
2 = 0
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2.4 Structure of efficient tax system for a small country
At a tax-constrained Pareto-efficient allocation where the government uses a non-linear income
tax with a non-linear commodity tax and a production subsidy, the government will choose
cikh , l
ik and σk to maximize usk(csk1 , c
sk
2 , l
sk) subject to ICSk, ICUk and EQGk and MUCk
where MUCk is
uu(cuk1 , c
uk
2 , l
uk) ≥ Uuk
Note that Uuk is a parameter to derive a utility possibility frontier.
In the optimal taxation literature, researchers often solve the government’s optimization
problem by assuming that the government controls the tax rates. However, as Diamond and
Mirrlees (1971) showed, sometimes it is more useful to assume the government can control the
quantity directly and to find the tax price later. We will use the same approach in this paper.
Let yk1 = Y
k
1 (y
k
2 , L
sk, Luk) be the maximum production of good 1 defined on the production
possibility frontier for a given level of output of good 2, and the total supply of skilled labor
and unskilled labor in country k. On the production possibility frontier, once the relative
producer price is determined, the production of good 2 is determined and it is an increasing
function of pk2/p
k
1. Also, once the relative producer price is determined, the relative factor price
is determined from the zero-profit condition (1) and there is one to one relationship between the
relative factor price and the relative producer price from the Stolper-Samuelson theorem. Thus,
we can define the relative wage as a function of the output of good 2, the total skilled labor and
total unskilled labor : w
uk
wks
= Ψk(yk2 , L
sk, Luk). From the shape of the production possibility
frontier and the Stolper-Samuelson theorem, we have ∂Ψ
k
∂yk2
> 0. From the Rybcyzynski theorem
and the shape of production possibility frontier, it is straightforward to figure out that ∂Ψ
k
∂Lsl
> 0
, ∂Ψ
k
∂Luk
< 0. 8 Given the international price of good 1 and good 2, the government of country k
From the perfect competition,
∑
i=s,u N
ikwiklik = p∗1y
k
1 + p2y
k
2 = p
∗
1y
k
1 + p
∗
2(1 + σ
k)yk2 . Also note that q
ik
2 c
ik
2 =∑
i=s,u t
ikp∗2c
ik
2 +
∑
i=s,u p
∗
2c
ik
2 . Thus, we obtain EQGk.
8Holding producer price constant, increasing skilled labor will increase y1 and will decrease y2 from the
Rybcyzynski theorem. This implies that in order to keep y2 constant, the producer price of good 2 must be
increased when skilled labor increases. From the Stolper-Samuelson theorem, it implies that the wage ratio will
increase.
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chooses (lsk, luk, csk1 , c
sk
2 , c
uk
1 , c
uk
2 , y
k
2 ) to solve the following programming problem:
max
{ckih ,lki, yk2 : h=1,2:i=s,u}
usk(csk1 , c
sk
2 , l
sk)
uu(cuk1 , c
uk
2 , l
uk) ≥ Uuk (MUCk)
uik(cik1 , c
ik
2 , l
ik) ≥ uik(cjk1 , cjk2 ,
wjkljk
wik
), (i, j = s, u; i 6= j; ) (ICSk, ICUk)
p∗1y
k
1 + p
∗
2y
k
2 −
∑
i=s,u
N ik(p∗1c
ik
1 + p
∗
2c
ik
2 ) = 0 (EQGk’)
The FOCs are:
cskh : u
ssk
h + λ
skusskh − λukuuskh + λgkp∗hN sk = 0 h = 1, 2
cukh : µ
kuuukh − λskusukh + λukuuukh + λgkp∗hN sk = 0 h = 1, 2
lsk : ussk3 + λ
skussk3 − λskusuk3
∂(w
uk
wsk
)lu
∂Lsk
N sk − λukuusk3
wsk
wuk
− λukuusk3
∂(w
sk
wuk
)ls
∂Lsk
N sk + λgk
∂Y k1
∂Lsk
N sk = 0
luk : µkuu3 + λ
uk − λuk ∂(
wsk
wuk
)lus
∂Luk
Nuk − λskusuk3
wuk
wsk
− λskusuk3
∂(w
uk
wsk
)lu
∂Luk
Nuk + λgk
∂Y k1
∂Luk
Nuk = 0
yk2 : −
∑
i
λikuijk3
∂w
jk
wik
∂yk2
ljk + λgkp∗1
∂Y k1
∂yk2
+ λgkp∗2 = 0.
i, j = s, u; i 6= j;h = 1, 2; k = A,B; p∗1 = 1
The world economy is on the decentralized equilibrium if the world demand is equal to the
world supply for given p∗1 and p∗2:∑
k=A,B
yk2 −
∑
k=A,B
∑
i=s,u
N ikcik2 = 0 (WEQ1)∑
k=A,B
Y k1 (y
k
2 , L
sk, Luk)−
∑
k=A,B
∑
i=s,u
N ikcik1 = 0. (WEQ2)
An examination of the FOCs of cskh and c
uk
h shows that the MRS is equal to the international
price ratio if the utility function is weakly separable between consumption goods and labor
supply. 9 This implies that when the utility function is weakly separable between consumption
goods and labor supply, the commodity tax is not necessary at all. On the other hand, when
the utility function is not weakly separable between consumption goods and labor supply, the
9When the utility function is weakly-separable, it can be written as U(z(c1, c2), l). In this case, the FOC of
cuk1 , for example, is
∂z
∂c1
{αukuuuk1 − λskusuk1 + λukuuuk1 } = p∗1. Applying for FOC of cuk2 , it is easy to show that
the MRS is equal to p∗2/p
∗
1.
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non-linear commodity taxes are needed and whether the relative consumer price of good 2
is greater than the relative international price of good 2, p∗2/p∗1, depends on whether good
2 is complementary to labor supply and on the signs of the Lagrangian multipliers of the
incentive compatibility constraints. When the income tax is “redistributive” in the sense that
the incentive compatibility of the skilled is binding and the incentive compatibility of the
unskilled is not binding, λsk > 0 and λuk = 0. In this case, if the good 2 is complementary,
then the relative consumer price of good 2 should be lower than the relative international price
of good 2. If the good 2 is a substitute for labor supply, then the relative consumer price
of good 2 should be higher than the relative international price of good 2, p∗2/p∗1. As for the
FOC of yk2 , the MRT in country k, ∂Y
k
1 /∂y
k
2 , is greater than the relative international price of
good 2 in the redistributive case. This means that the marginal cost of production of good 2
measured by good 1 is greater than the relative international price of good 2 at the equilibrium.
This implies that the government provides a production subsidy on good 2. Therefore at the
presence of non-linear income taxation in a small open economy, the inefficient production is a
part of the optimal tax policy contrary to conventional wisdom.
2.5 World-wide Planned Allocation
Since we allow the social preference, which is Uk, the utility functions and the production func-
tions and the population of country k to be different between two countries, it is very likely
that two countries will give different subsidies to sector 2, which implies that the MRTs of two
countries are different and that the world-wide production is inefficient. In this subsection, we
examine whether such a decentralized equilibrium is a tax-constrained Pareto-efficient alloca-
tion from a world-wide point of view. In the world-wide controlled allocation, the world-wide
social planner sets the tax system of all of the world, and transfers income among countries.
We assume that the world-wide social planner can set the tax system of all countries freely
and, when we assume that international income transfer is possible, he can transfer income
among countries. More specifically, let ∆ be the set of a world-wide tax-constrained Pareto-
efficient allocation with international income transfers and ∆′ be the set of a world-wide tax-
constrained Pareto-efficient allocation without international income transfers. A world-wide
tax-constrained Pareto-efficient allocation with international income transfer is a world-wide
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tax system and a world-wide allocation that cannot be Pareto-improved by changing that tax
system with the possibility of international income transfer among countries. A world-wide tax-
constrained Pareto-efficient allocation without international income transfer is a world-wide tax
system and a world-wide allocation that cannot be Pareto-improved by changing that world-
wide tax system when international income transfer among countries is prohibited. Thus, at
the world-wide tax-constrained Pareto-efficient allocation without international income trans-
fer, the tax revenue of each country should be equal to the expenditure of that country. Also,
note that by definition, ∆ is the allocation where the world-wide social planner has more policy
tools and ∆′ is the allocation that the social planner has less policy tools. Clearly if the social
planner cannot improve a given allocation with a potential use of international transfer, then
he cannot Pareto-improve that allocation by having less policy tools. This implies that ∆ ⊂ ∆′.
Thus, if we show that the allocation of decentralized tax policies is in ∆, it immediately implies
that it is impossible to Pareto-improve welfare when international income transfer is prohibited.
Let φik be the weight on type i workers in country k at the world-wide tax-constrained
Pareto-efficient allocation with international income transfer. Then, the world-wide tax-constrained
Pareto-efficient allocation with international income transfer can be obtained by solving the
following programming problem:
max
∑
k=A,B
∑
i=s,u
φikuik(cik1 , c
ik
2 , l
ik)
s.t. uik(cik1 , c
ik
2 , l
ik) ≥ uik(cjk1 , cjk2 ,
wjkljk
wik
), (i, j = s, u; i 6= j; ) (ICSk, ICUk)∑
k=A,B
yk2 −
∑
k=A,B
∑
i=s,u
N ikcik2 ≥ 0, (WEQ1)∑
k=A,B
Y k1 (y
k
2 , L
sk, Luk)−
∑
k=A,B
∑
i=s,u
N ikcik1 ≥ 0 (WEQ2)
The above programming problem deserves several comments. First, we assume that the set
defined by the above constraints is a convex set. This assumption implies that the solution of
the above programming problem is unique and the allocation that satisfies the FOCs is also
unique. Second, in the above programming problem we ignore the world-wide government
budget constraint because when WEQ1 and WEQ2 are satisfied, the world-wide government
budget constraint is automatically satisfied. To illustrate, note that the word-wide government
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budget constraint is
∑
k=A,B
∑
i=s,u
N ik(wiklik − p∗1cik1 − qik2 cik2 )− σkp∗2yk2 +
∑
i=s,u
tikp∗2c
ik
2
 ≥ 0. (3)
(3) assumes that there is income transfer among countries because (3) requires that the sum of
the surplus of the government budgets of two countries is greater than zero. From the perfect
competition, we have
∑
i=s,uN
ikwiklik = p∗1yk1 + pk2yk2 . By using the definition of qik2 and pk2,
the left hand side of (3) is
p∗1
{∑
k
yk1 −
∑
k
∑
i
cik1
}
+ p∗2
{∑
k
yk2 −
∑
k
∑
i
cik2
}
Thus, as long as WEQ1 and WEQ2 are satisfied, the world-wide government budget constraint
is automatically satisfied.
Let λ˜ik be the Lagrangian multiplier of the incentive compatibility constraint for type i
workers in country k, and γ˜1 and γ˜2 be the Lagrangian multiplier of the equilibrium constraint
of good 1 and good 2, respectively. Then, we can obtain the following FOCs:
cikh : φ
ikuiikh + λ˜
ikuiikh − λ˜jkujikh − γ˜hN ik = 0.
lik : φikuiik3 + λ˜
ikuiik3 − λ˜ikuijk3
∂(w
jk
wik
)lj
∂Lik
N ik − λ˜jkujik3
wik
wjk
− λ˜jkujik3
∂(w
ik
wjk
)li
∂Lik
N ik + γ˜1
∂Y k1
∂Lik
N ik = 0
yk2 : −
∑
i
λ˜ikuijk3
∂w
jk
wik
∂yk2
ljk + γ˜1
∂Y k1
∂yk2
+ γ˜2 = 0.
i, j = s, u; j 6= i; k = A,B;h = 1, 2
Several observations can be obtained from the above FOCs. First, γ˜h is the shadow price of
good h. When we prove that the decentralized equilibrium is also a world-wide tax-constrained
Pareto-efficient allocation, we set γ˜h to p∗h. Second, the MRTs of production of two countries
are not equal unless the world coordinator gives the same weight to countries, and technologies
and population of both countries are the same. This implies that world-wide Pareto-efficient
allocation often entails inefficient production and it cannot be decentralized without allowing
each country to distort its production. Third, if the utility function is weakly separable between
consumption goods and labor supply, the MRS between two goods are equal not only within a
country but also among countries and the MRS is equal to γ˜1/γ˜2, the ratio between the shadow
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prices of two goods. Furthermore, comparing the FOCs of the decentralized equilibrium and
the coordinated allocation, we obtain the following result:
Proposition 1 Suppose that each country achieves a tax-constrained Pareto-efficient allo-
cation for given international prices independently and it that can distort production of its
own country. Then the resulting decentralized allocation is also a world-wide tax-constrained
Pareto-efficient allocation. Thus, there is no room for Pareto-improvement by international
policy coordination.
Proof. Notice that the Lagrangian multiplier of the resource constraint of the decentralized
equilibrium, λgk, is always positive. Thus, normalize the FOCs of the decentralized equilibrium
by dividing the FOCs of the decentralized equilibrium by λgk.. Then, set φik, λ˜ik and γ˜h
(i = s, u; k = A,B;h = 1, 2) of the world-wide planned allocation as follows:
φsk =
1
λgk
, φuk =
µk
λgk
, γ˜h = p∗h, λ˜
ik =
λik
λgk
, (i = s, u;h = 1, 2; k = A,B). (4)
By comparing the FOCs of the decentralized equilibrium and the FOCs of the world-wide
planned allocation, it is easy to check that the allocation of the decentralized equilibrium will
also satisfy the FOCs of the world-wide planned allocation. Furthermore, by the definition of
the decentralized equilibrium, the allocation of the decentralized equilibrium will satisfy ICUk,
ICSk, WEQ1 and WEQ2. This implies that the allocation of the decentralized equilibrium is
the world-wide tax-constrained Pareto-efficient allocation when the world-wide social planner
has weight, φsk = 1
λgk
and φuk = µ
k
λgk
, for the type s worker and the type u worker in country
k, respectively. 
The result in a decentralized equilibrium shows that production distortion is a part of
a tax-constrained Pareto-efficient allocation. The proposition 2 shows that such production
distortion is not only Pareto-improving for a small country, but is also essential to achieve a
world-wide Pareto-efficient allocation. Without allowing a production distortion policy to each
country, the world-wide Pareto-efficient allocation cannot be decentralized in general.
The basic intuition of the above proposition is along the spirit of the Diamond and Mir-
rlees’s production efficiency theorem. The key idea of Diamond and Mirrlees production effi-
ciency theorem is when the government can control all consumer prices, the producer prices are
disconnected from the consumer prices and the consumption decision part of the optimal taxa-
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tion problem becomes independent of the production decision part. As a result, the production
decision part can be chosen freely and production efficiency becomes optimal. However, when
there is asymmetric information between the government and individuals in a small open econ-
omy, some factor prices cannot be controlled directly and, as a result, some of the domestic
prices cannot be disconnected from the producer prices. Therefore, the production decision
cannot be decentralized and the production efficiency theorem fails for a small open economy.
On the other hand, the government can control all domestic prices directly or indirectly when
production distortion is allowed. This implies that all domestic prices are disconnected from
the international prices once production distortion is allowed. By using the exact same logic
as in the Diamond-Mirrlees’s production efficiency theorem, the decentralized solution become
efficient from the world-wide point of view. 10
At this point, one might still wonder why the world-wide social planner cannot Pareto-
improve the decentralized equilibrium by setting the MRTs of two countries equal. If he sets
the MRT of two countries equal, he will be able to increase at least the world-wide production of
one good without decreasing the production of the other goods for a given labor supply by the
definition of production inefficiency. With international income transfer, the coordinator can
distribute the increased production of the good and should be able to Pareto-improve welfare.
The basic reason that such coordination is not possible comes from the economic mechanism
of the factor price equalization theorem in trade theory (Samuelson, 1949) and the existence of
asymmetric information. The basic idea of the factor price equalization theorem is that there
is a one to one relationship between the slope of the production possibility frontier and factor
prices. Thus, when the world-wide social planner tries to set the MRTs of two countries equal,
he must change the factor prices at least in one country and this change of the factor prices
will necessarily tighten the incentive compatibility constraint. On the other hand, under the
environment of asymmetric information between the government and workers, there is no other
policy instrument that can affect the factor prices other than production distortion and thus,
the government does not have a policy instrument to offset this adverse change of the factor
prices. When the incentive compatibility constraint becomes tighter, at least one of the agents
10The referee pointed out that Bucovetsky and Wilson (1991) obtained the efficiency result of the decentralized
equilibrium in a symmetric tax competition model where factor is mobile instead of goods.
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will become worse off. Therefore, equating MRTs cannot Pareto-improve welfare.
The proposition 1 shows a sharp contrast to the recent result by Huber (1999). He showed
that the decentralized equilibrium is not world-wide Pareto-efficient in a model of tax com-
petition where capital is perfectly mobile but goods are not mobile among countries. The
basic reason that Huber obtained a result different from ours is that in his model he assumed
that the government could not use a residence-based capital income tax, which is a sensible
assumption in an open economy.11 However, without the residence-based capital income tax,
the government cannot control the consumer price of the second period. Thus, the government
cannot disconnect the consumer prices fully from international prices.
So far, we have focused on the production distortion and have not discussed the relationship
between production distortion and commercial policies such as tariffs or export subsidies. How-
ever, when the utility function is not weakly separable between consumption goods and labor
supply, the consumption distortion is also optimal. In such a case, the government can achieve
the tax-constrained Pareto-efficient allocation by using both tariffs and non-linear commodity
taxes.
3 Relationship to Previous Literature
In the international trade literature, Dixit and Norman (1980, 1986) showed that a free trade
equilibrium is Pareto-superior to an autarky equilibrium even without lump-sum transfers.
Their idea is that the gains from trade can be redistributed by imposing commodity taxes on
all goods and factors. However, Dixit and Norman assume that the government has complete
information about workers; in particular, they assume that, in an economy consisting of skilled
and unskilled workers, the government can impose different tax rates on these two factors,
which requires that the government be able to identify individual skill types. Because in reality
the government cannot observe and verify skill types of workers, such differential taxes would
not be feasible. Recently, motivated by the previous work of Naito (1996), Spector (2001)
11In an open economy, the residence-based capital income tax implies that the government needs to know
how much each consumer invests in foreign countries. However, due to information problems, such a tax would
be very difficult to implement in an open economy. On the other hand, in a model where goods are perfectly
mobile but factors are not, all goods are consumed within the territory of each government. Thus, there will be
no information problem for controlling all consumer prices.
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analyzed the issue of gains from trade more carefully.
In public finance literature, Diamond and Mirrlees (1971) proved that, if the government
can impose commodity taxes on all goods and factors, then production efficiency is optimal
even when the government is concerned with income redistribution. Since the international
price is another production possibility frontier in a small open economy, the result of Diamond
and Mirrlees implies that the government should keep the marginal rate of transformation
equal to the international price ratio.12 However, our criticism of Dixit and Norman (1980)
also applies to the result of Diamond and Mirrlees.13 Several authors showed that when the tax
instruments that the government can use are limited, inefficient production is optimal (Stiglitz
and Dasgupta, 1971; Wilson 1982).
Mirrlees (1971) and Stiglitz (1982) studied an optimal non-linear income tax system when
the government cannot identify workers’ characteristics. Using this model, Atkinson and Stiglitz
(1980) showed that the consumption distortion is not optimal when the utility function is
weakly separable between consumption goods and labor supply. Natio (1999) showed that
when factor prices are determined endogenously in a closed economy, imposing a commodity
tax is Pareto-improving in the Atkinson and Stiglitz’s model and that inefficient production
is also Pareto-improving. Hubber (1999) showed that in an open economy model the source-
based capital income tax is a part of Pareto-efficient income tax in the presence of a non-linear
income tax.
The efficiency result of a decentralized equilibrium in this paper is related with the tax
competition literature as well. For example, see Gordon (1983), Chari and Kehoe (1990), and
Bucovetsky and Wilson,(1991) and Hubber (1999). The paper closest to the present paper is
that of Bucovetsky and Wilson (1991) and Hubber (1999). Hubber noticed that the decentral-
ized equilibrium with the source-based capital income tax and a non-linear income tax is not
Pareto-efficient from a world-wide point of view. On the other hand, Bucovetsky and Wilson
12For a detailed explanation, see Dixit (1985).
13Since the result of Diamond and Mirrlees (1971) is one of the fundamental results in public economics, it
is useful to clarify under what conditions their result would hold. The production efficiency result holds if i)
labor is homogeneous across all individuals and the difference between the rich and the poor is the difference of
initial labor endowments or productivities, or ii) the government can impose different price vectors to different
individuals when individuals supply different factors. Diamond and Mirrlees assumed the first case, but it is
clear that this is not appropriate to address the issue related with international trade. The second case, of
course, raises the problem of incentive compatibility.
15
(1991) analyzed a model of tax competition where a factor is mobile between two countries
but goods are not mobile and two countries are symmetrical. In their paper, they provided
the key fundamental observation that if the government has enough policy instruments, then
the government can insulate itself from the externality caused by the change of the world rate
of return and that the decentralized equilibrium is Pareto-efficient from a world-wide point of
view. 14
4 Discussion and Conclusion
In this paper, we have shown that (i) for a small country, indirect income redistribution through
inefficient production such as production taxes/subsidies is a part of the tax-constrained Pareto-
efficient allocation, (ii) the decentralized equilibrium is Pareto-efficient from the world-wide
point of view and production distortion is essential to achieve world-wide Pareto-efficient allo-
cation.
Those results have several policy implications. First, recent incidents in the US show that
there are still some groups which feel that the globalization of the economy and removing
domestic barriers of international trade will threaten their lives. This paper shows that such
concern is not unfounded. When income redistribution is incomplete due to an asymmetric
information problem between the government and individuals, production distortion will play
an important role.
Second, in recent years there is some discussion among policy makers and economists about
to what extent international organizations such as WTO should intervene domestic tax policies
and commercial policies such as labor standards, domestic production subsidies, and minimum
wage. For example, one might ask whether or not an international organization should recom-
mend each country to remove its domestic subsidies targeted to particular industries in order to
make the world-wide production efficient. This paper shows that as long as each county behaves
as a price-taker and maximizes the welfare of its own country, the international coordination is
not necessary. This result indicates that a recent trend in international organization to restrict
domestic commercial policy and tax policies can be harmful to participating countries. Third,
this paper indicates that the standard argument of the gains from trade needs to be modified,
14I appreciate the referee for letting us know about the contribution of Bucovetsky and Wilson (1991).
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as I discussed in the introduction. If income redistribution is incomplete due to an asymmetric
information problem, then it might be possible that a country cannot gain from trade.15
There are several issues which should be explored in future. One of those issues is to
endogenize human capital accumulation. It is interesting to know whether our result would
hold when human capital accumulation is endogenized but there still exists an asymmetric
information problem between the government and individuals. 16
Another issue that needs to be examined is the relationship between decentralized efficiency
and federal tax systems. Although proposition 1 suggests that decentralized efficiency might
hold in a federal tax system, there is one significant difference. In a federal tax system, all
goods and workers are mobile, while workers are not mobile but goods are mobile in an open
economy. Although the H-O model suggests that importing a good is equivalent to importing
factors which are used to produce that good, the characteristics and policy implications of the
optimal federal tax system need to be examined further in future.
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